eAppendix 1. Study Plan
Associations of Aerobic fitness and muscular strength with metabolomics in young adult men: a cross-sectional study Introduction and general study aim High aerobic fitness (often called as cardiorespiratory fitness in clinical medicine) is a strong biological predictor of reduced risk of vascular and metabolic diseases and reduced risk of death. [1] [2] [3] [4] [5] [6] [7] The majority of studies showing these associations have been conducted in elderly populations among whom early stages of disease may have had strengthened the associations due to reverse causality. The aim of our study is to investigate how measured aerobic fitness (calculated maximal oxygen uptake, ml×min -1 ×kg -1 ) and maximal muscular strength (one repetition maximum, kilograms) are associated with metabolome measures among young adult Finnish men. In addition to cardiac and pulmonary health many underlying biological mechanisms including the properties of the skeletal muscles contribute to these fitness characteristics. An important link between physical activity, aerobic fitness, properties of skeletal muscle, and serum metabolome is that both inherited aerobic fitness and physical activity are associated with the increased expression of oxidative phosphorylation and fat metabolism pathways in skeletal muscle. [8] [9] [10] The skeletal muscle is the largest metabolically active organ in the human body and contributes to the aerobic and muscular fitness related serum metabolome. 10 Multi-dimensional metabolome measures may be related to aerobic muscle metabolism that is associated with aerobic fitness and contributes to the mechanisms explaining the associations between aerobic fitness and beneficial cardio-metabolic risk factor profiles.
We hypothesize that our study provides confirmatory data and new insights into how high aerobic fitness compared to low aerobic fitness is associated with oxidative lipid metabolism indicative of reduced cardio-metabolic risk. Our hypothesis includes that high maximal muscular strength is not similarly associated with these benefits as aerobic fitness. Muscular endurance is more strongly associated with aerobic fitness than explosive maximal muscular strength.
Participants and methods
Military service is compulsory for young healthy men in Finland. Approximately 70-75% of men serves in the military. After their military service, the men return to their normal civilian lives. Some may occasionally be called up to military refresher training organized by the Finnish Defence Forces and lasting 2-5 days. The call up for military refresher training is organised by the Finnish Defence Forces. Information regarding the study plan was sent to prospective participants 5 months before the study was conducted. The study was carried out over 7 different sessions during 2015. The study protocol was explained in detail to the participants before they provided written consent. The study was approved by the ethics committees of the University of Jyväskylä and the Central Finland Health Care District, as well as the Headquarters of the Finnish Defence Forces. Briefly, 1106 men and women were called up and 823 agreed to participate in the military refresher training (a response rate of 74%). The most typical reasons for nonparticipation to the military refresher training were related to personal factors, such as work-, study-, or health-related issues. Among those men who participated in the military refresher training 32 refused to take part in the study (a response rate of 96%). In addition, 15 women participated in the study but are not included in these analyses. The study sample was compared with corresponding cohorts of 20 to 30 years old Finnish men in the national register data (Statistics Finland) from 2014 for education and place of residence. Based on these analyses, the current study sample is not fully nationally representative geographically since Northern and Southern Finland were slightly over-represented. In addition, the proportion of those participants who had studied for 13 years or more was slightly over-represented. Taking into account previous limitations, the present study sample can be considered to represent a young adult Finnish man.
From the participants of a structured clinical study of 776 military refresher training subjects, we will identify a group of men with high aerobic fitness (approximately 200 participants with the best results) and a group with low aerobic fitness (approximately 200 with lowest aerobic fitness), and correspondingly a group with highest muscular strength (approximately 200 participants) and with lowest muscular strength (approximately 200 participants). The examinations include responding to a questionnaire on physical activity and different health habits, diseases and medications, maximal aerobic cycle ergometer test for calculation of maximal oxygen uptake, maximal lower limb strength test, and fasting blood samples for metabolomics analysis.
For the interpretation of statistical significance in our analyses of all the 66 studied metabolome measures our previous estimation of the multiple test correction can be used. The minimum number of orthogonal linear components (PCA) from the similar full metabolomics measures panel that explained 99% of the observed variance in a large dataset was analyzed and the highest number observed in the previously studied cohort 10 was 26 components and we use that as a consistent conservative estimate in all multiple testing interpretations using Bonferroni's method. Bonferroni's corrected P value ≤0.002 corresponds to a statistical significance level of <0.05.
First, in the relatively healthy young male adult study group, we will analyze and visualize the unadjusted results of metabolome measures between high vs low aerobic fitness and high vs low muscular strength groups. Then we will adjust the results for education, smoking, use of alcohol, and indicators of dietary factors such as the consumption of fruits, vegetables, and meat (chicken, red meat, and fish separately). We will carry out additional analyses to assess how adjustment for such concomitants of fitness as reported physical activity habits (aerobic activities and strength training) and with body fat percentage influence the associations. It is particularly relevant to understand how aerobic fitness is associated with body fat percentage as aerobic fitness and training are associated with reductions in high-risk body fat, 17, 18 and changes in body composition influence the measured fitness characteristics when the fitness tests include carrying body mass or the fitness characteristics are expressed per body mass.
Our primary aim is to elucidate whether maximal oxygen uptake in terms of ml×kg -1 ×min -1 and maximal muscular strength without adjustments for body mass or body composition is associated with metabolome. However, as it may be physiologically relevant to express body strength per body mass, we also report how the results differ when calculated per maximal strength vs maximal strength per body mass. Maximal strength per body mass is expected to correlate more strongly with aerobic fitness than the absolute non-proportional strength value.
eFigure. Heat Map of Correlations Between Fitness Characteristics and Metabolome Measures a a
All metabolome measures which variation was accounted for by at least 5% by aerobic fitness variable after adjustment for the main covariates (age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken)) are included. Lowest value in the data was imputed to individuals if the value was missing (being under the detection limit). c Number of imputed values exceeded the limit of 5%, and all analyses were verified also with non-imputed variables. For these variables coefficients of determination by aerobic fitness would have been slightly larger if imputations were not performed. Lowest value in the data was imputed to individuals if the value was missing (being under the detection limit). c Number of imputed values exceeded the limit of 5%, and all analyses were verified also with non-imputed variables. For these variables coefficients of determination by aerobic fitness would have been slightly larger if imputations were not performed. 
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P<2. Unstandardised regression coefficient (β) and P value for aerobic fitness in the model adjusted for age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken). In the documentation of regression coefficient note that -2.385e-10 means -0.0000000002385 and in the documentation of P values note that P=9.217e-08 means P=0.00000009217 etc. b R 2 is the coefficient of determination for the model with age, aerobic fitness, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken) (independent variables) in relation to each metabolome measure (dependent variable). c R 2 is the coefficient of determination for the model with age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken) as independent variables. d ΔR 2 is the difference of the coefficients of determination between the models [(age, aerobic fitness, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken)) -(age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken))] = additional explanation rate of aerobic fitness after age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken) in the model. Unstandardised regression coefficient (β) and P value for maximal muscular strength in the model adjusted for age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken). In the documentation of regression coefficient note that -7.638e-04 means -0.0007638 and in the documentation of P values note that P=8.894e-02 means P=0.08894 etc. b R 2 is the coefficient of determination for the model with age, maximal muscular strength, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken) (independent variables) in relation to each metabolome measure (dependent variable). c R 2 is the coefficient of determination for the model with age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken) as independent variables. d ΔR 2 is the difference of the coefficients of determination between the models [(age, maximal muscular strength, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken)) -(age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken))] = additional explanation rate of muscular strength after age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken) in the model. Unstandardised regression coefficient (β) and P value for maximal muscular strength in the model adjusted for age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken). In the documentation of regression coefficient note that -7.638e-04 means -0.0007638 and in the documentation of P values note that P=8.894e-02 means P=0.08894 etc. b R 2 is the coefficient of determination for the model with age, maximal muscular strength, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken) (independent variables) in relation to each metabolome measure (dependent variable). c R 2 is the coefficient of determination for the model with age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken) as independent variables. d ΔR 2 is the difference of the coefficients of determination between the models [(age, maximal muscular strength, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken)) -(age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken))] = additional explanation rate of muscular strength after age, education, smoking, use of alcohol, and diet (fruits and vegetables, meat, fish, and chicken) in the model. 2 is the difference of the coefficients of determination between the models [(age, maximal muscular strength, aerobic physical activity volume, and strength training volume) -(age, aerobic physical activity volume, and strength training volume) = additional explanation rate of maximal muscular strength after age, aerobic physical activity volume, and strength training volume in the model. Unstandardised regression coefficients (β) and P values for aerobic fitness and relative muscular strength in the model adjusted for age, fat percentage, and each other (independent variables) in relation to each metabolome measure (dependent variable). In the documentation of regression coefficient note that 7.421e-11 means 0.00000000007421 and in the documentation of P values note that P=2.310e-02 means P=0.02310 etc. 
